Purpose To evaluate the role of preoperative multiparametric magnetic resonance imaging (MRI) as predictor of postprostatectomy incontinence (PPI). Methods We analyzed patients who underwent robot-assisted radical prostatectomy for localized prostate cancer at our institution between July 2015 and April 2017. In these patients, we measured the perfusion quality of the pelvic floor with contrast media kinetics in the preoperative MRI of the prostate and compared the levator ani muscle (region of interest) to the surrounding pelvic muscle structures (reference). Prospectively collected questionnaires regarding urinary incontinence were then evaluated 1 year postoperatively. Outcomes were dichotomized into "continent" (ICIQ-Score = 0-5) and "incontinent" (ICIQ-Score ≥ 6). In each patient, we determined the perfusion ratio of the levator ani muscle divided by the surrounding pelvic muscle structures and compared them among the groups. Results Forty-two patients were included in the study (n = 22 in "continent", n = 20 in "incontinent" group). The median perfusion ratio from the continent group was significantly higher compared to the incontinent group (1.61 vs. 1.15; 95% CI 0.09-0.81, p = 0.015). The median perfusion ratio in "excellent" (ICIQ-Score = 0) was significantly higher than in "poor" (ICIQ-Score ≥ 11) outcomes (1.48 vs. 0.94; 95% CI 0.04-1.03, p = 0.036). Further, a higher perfusion ratio was negatively correlated with ICIQ-Score (r = − 0.33; 95% CI − 0.58 to 0.03; p = 0.031). Conclusions Our data demonstrate a promising new strategy to predict PPI through the perfusion quality of pelvic muscle structures with contrast media kinetics. This may facilitate preoperative patient consulting and decision-making.
Introduction
Despite the recent advances in robot-assisted radical prostatectomy for the treatment of localized prostate cancer (PCa), urinary incontinence and erectile dysfunction remain major genitourinary adverse effects that influence the postoperative quality of life (QoL) [1, 2] . According to the literature, up to 20% of all males treated with radical prostatectomy (RP) for PCa have to deal with long-term side effects. Especially, urinary incontinence has a huge impact on the postoperative well-being and is rated of highest subjective and psychosocial importance [2] [3] [4] [5] .
Substantial research looked into the matter of individual surgical technique and a systematic review with meta-analysis compared different surgical approaches of RP (robotassisted vs. laparoscopic vs. open retropubic) [6] . Nonetheless, further patient characteristics are considered as key factors that influence and predict post-prostatectomy incontinence (PPI). Age [7] , body mass index (BMI) [8] , comorbidities [9] , prostate size [10] , T-stage and Gleason-Score [11] , nerve sparing [12] , bladder neck preservation [13] , functional bladder changes [14] , preoperative continence or erectile function status [15] , lower urinary tract symptoms (LUTS) [16] and prior transurethral resection of the prostate (TURP) [17] are all parameters of varying importance in predicting the probability of PPI. Heesakkers et al. nicely reviewed the literature for contributing factors causing PPI, most of which are controversially discussed [18] .
The integrity of the pelvic floor is an essential premise for urinary continence. Physiologically, there is a direct link from muscle function and its blood supply. We hypothesized a coherence between the perfusion quality of the pelvic floor and the anatomical structures that are responsible for urinary continence. The aim of our study was to investigate the contrast phase data of routinely performed and already available multiparametric (mp) magnetic resonance imaging (MRI) of the prostate, used to calculate the PI-RADS Score (Prostate Imaging Reporting and Data System), to predict the risk of PPI.
Materials and methods
At the University Hospital in Zurich, Switzerland, we prospectively assess all patients with a diagnosis of PCa that undergo RP, including their oncological follow-up (local ethical review board study approval: KEK-StV-Nr. 06/08). All patients suspicious for PCa are assigned to receive mp MRI and transperineal prostate fusion biopsy to confirm the diagnosis. The first follow-up visit after the operation in the outpatient clinic takes place after 6 weeks, including the measurement of the initial postoperative PSA value. Further visits are scheduled after 3, 6 and 12 months in the first year. At each of these follow-up visits, patients are asked to fill in a questionnaire regarding continence status (International Consultation on Incontinence Modular Questionnaire = ICIQ) [19] . The used ICIQ-Score consists of three questions focusing on the frequency and the subjective amount of involuntary urinary loss and the consecutive limitation in daily life. There is a maximum of 21 points, whereas a score of zero means "no", 1-5 "mild", 6-10 "intermediate" and ≥ 11 "severe" incontinence.
Design and study setting
This publication was based on retrospective analysis of prospectively gathered data. Patients who underwent robotassisted RP between July 2015 and April 2017, and who received a preoperative mp MRI investigation in domo with a 3-T MRI without rectal coil were included in the analysis. As a further inclusion criterion, they had to complete the above-mentioned questionnaire at 1-year postoperative follow-up. In all of these patients, we measured the membranous urethra length (MUL) and the perfusion quality of the levator ani muscle (LAM) compared to the surrounding pelvic muscle structures (gluteus maximus, inner and outer obturator muscle) with contrast media kinetics (see below).
Outcome assessment
Patients were dichotomized into two different groups with regard to the 1-year postoperative continence status on behalf of the ICIQ-Score: patients with an ICIQ-Score of 0-5 points were assigned to the "continent" ("no"-"mild") and ≥ 6 points to the "incontinent" group ("intermediate"-"severe") [20] . We compared the resulting perfusion ratios and the MUL of the group with "continent" patients to the measured values in "incontinent" patients. For the subgroup analysis, "excellent" and "poor" outcomes were defined as ICIQ-Score of 0 points ("no" incontinence) and ≥ 11 points ("severe" incontinence) after 1 year, respectively. The MUL was defined as the urethral distance from the distal prostate apex to the proximal penile bulb in sagittal orientation.
MRI of the prostate
All MRI examinations were performed at a field strength of 3 T on Siemens Skyra MRI scanners (Siemens Healthineers, Erlangen, Germany) with a 18-channel phased-array receiver coil and featured a dedicated mp MRI protocol including high-resolution T2-weighted sequences in three orientations, a diffusion-weighted sequence and a dynamic contrast-enhanced 3D fat-saturated gradient-echo sequence with a temporal resolution < 8 s and concurrent application of gadoterate meglumine (Dotarem ® ,Guerbet, Roissy, France). All MRI parameters were in accordance with the technical specifications set forth in the PIRADS guidelines [21] .
Using the readily available software solution Tissue4D (Siemens Healthineers, Erlangen, Germany), we measured the median initial area under the curve (iAUC) 60 s after wash-in of the contrast agent (adjusting for patient-specific lag time from contrast injection to first wash-in of the contrast agent) by drawing regions of interest (ROI) in the LAM and in the gluteus maximus as well as inner and outer obturator muscles (Fig. 1a ). The perfusion ratio was then calculated as the ratio between iAUC60 of the LAM divided by the averaged iAUC60 of the three ROIs placed in the three other pelvic muscles (Fig. 1b) . This served as estimation of the preoperative perfusion quality of the pelvic floor. The MUL (in cm) was measured on the sagittal T2-weighted MRI sequence.
Statistical analysis
Statistical analysis was performed using R [22] . Welch's two-sample t test was used to compare perfusion ratio and MUL between different continence statuses. Pearson's product-moment correlation was computed to describe the association between MUL and perfusion ratio as well as ICIQ-Score and perfusion ratio. Lastly, univariable and multivariable logistic regression analyses were performed to predict incontinence by perfusion ratio and MUL adjusted for age, BMI, nerve sparing and prostate size. All p values smaller than 0.05 were considered as statistically significant (two sided).
Results

Patient cohort and characteristics
Forty-two patients were included in the study. After dichotomization according to continence status, n = 22 patients belonged to the "continent" and n = 20 to the "incontinent" group. The groups of continent and incontinent patients were not statistically different with regard to the clinically relevant characteristics at the time of surgery such as age, BMI, prostate-specific antigen (PSA), prostate size, Gleason-Score and nerve sparing. The subgroups of excellent vs. poor outcomes are also displayed (see Table 1 ).
Perfusion ratio
The comparison of the perfusion of the LAM to the surrounding pelvic muscle structures yielded a median perfusion ratio in the continent group that was significantly higher compared to the incontinent group (1.61 vs. 1.15, respectively; difference = 0.46; 95% confidence interval (CI) 0.09-0.81; p = 0.015). To examine the consistency of the observed relation, we performed a subgroup analysis of "excellent" outcomes (ICIQ = 0 points) vs. "poor" outcomes (ICIQ ≥ 11 points) of ten patients in each group. We found that the patients with an excellent outcome had a significantly higher median perfusion ratio than those with a poor outcome (1.48 vs. 0.94, respectively; difference = 0.54; 95% CI 0.04-1.03; p = 0.036). Figure 2 shows density plots (Fig. 2a, c) and boxplots (Fig. 2b, d ), which both compare the perfusion ratios of the two regions (LAM vs. reference tissue) of the main and the subgroups.
Membranous urethra length
Patients' MUL differed in relation to continence status: It was shorter in the incontinent compared to the continent patients (14.5 vs. 9.3 mm, respectively; difference = 5.2 mm; 95% CI 4.09-6.40 mm; p < 0.001). See boxplot in Fig. 3c . Furthermore, the perfusion ratio was positively correlated with the MUL (r = 0.42; 95% CI 0.13-0.64; p = 0.0054). See correlation plot in Fig. 3a .
ICIQ-Score
A higher perfusion ratio was negatively correlated with the ICIQ-Score of the patients in our cohort (r = − 0.33; 95% CI − 0.58 to − 0.03; p = 0.031). See correlation plot Fig. 3b . In Fig. 3d , we plotted the four subgroups with outcomes "excellent", "good", "bad" and "poor" according to their postoperative median ICIQ-Score per subgroup against the perfusion ratio. We added the median ICIQ-Score per group to the subgroups of continence after 1 year. The best perfusion ratio was found in the subgroup with a "good" outcome.
Logistic regression analysis
The odds of becoming incontinent were lower in those patients with a better perfusion ratio in the preoperative MRI of the prostate compared to those with a worse perfusion ratio (odds ratio (OR) = 0.24; 95% CI 0.06-0.75; p = 0.025). When it comes to MUL, the odds of becoming incontinent were lower in patients with a longer MUL in the preoperative MRI compared to those with a shorter MUL (OR = 0.05; 95% CI 0.00-0.29; p = 0.034). Further, in a multivariate regression analysis of perfusion ratio adjusted for age, BMI, nerve sparing and prostate size, the odds of becoming incontinent were lower in those patients with a better perfusion ratio compared to those with a worse perfusion ratio (OR = 0.11; 95% CI 0.023-0.55; p = 0.0068). However, the multivariable regression analysis of perfusion ratio with adjusting for MUL led to overfitting and yielded inconclusive results. See Table 2 for uni-and multivariable regression analysis.
Discussion
The usage of robot-assisted RP became increasingly popular and advanced to the standard of care in patients with localized PCa [23] . Adverse effects such as PPI still reduces\ the QoL in up to every fifth patient undergoing this procedure [1, 4] . Therefore, the possibility to predict the chances of PPI in patients with localized PCa planned for a surgical treatment would be a valuable tool for consulting and discussing different treatment strategies in patients confronted with this disease. To the best of our knowledge, this is the first study assessing the perfusion quality of the pelvic floor as a predicting factor for PPI. Our results show that patients with a better preoperative perfusion ratio of the relevant pelvic muscle structures belong to the "continent" subgroup 1 year after the intervention. Examining this circumstance, we found evidence for a negative correlation between ICIQScore and perfusion ratio after completion of the follow-up period. The consistency of this relation was further supported by a sensitivity analysis of subgroups, which yielded similar results: Patients with an excellent outcome had a significantly better perfusion ratio than those with a poor outcome regarding urinary continence. Continence underlies a complex interaction of neural and muscular structures in the lower pelvis [18] . Since the function of these structures also depends on adequate perfusion, we sought to investigate this relation in already available data from routine preoperative mp MRIs of the prostate.
The negative influence of scar tissue or fibrosis on urinary continence is known and leads to sphincteric incompetence [24] . This also accounts for the radicalness of surgical tumor excision, whereas higher T-stages and no nerve sparing are acquainted with higher rates of PPI [25] . Therefore, the perfusion quality of important muscle structures, such as the LAM, seems to be a valuable preoperative marker. Since a prostatectomy leads to significant alteration in the perivesical and periurethral tissue, we hypothesized that a good preoperative perfusion of the sphincter muscle may be regarded as prerequisite for tissue healing and restoration of continence function. In our cohort, this was underlined by the univariable as well as multivariable regression analysis, where a better perfusion ratio was a protective factor for incontinence, even after adjusting for the risk factors age, BMI, nerve sparing and prostate size. This supports our hypothesis of the preoperative perfusion being an independent marker for PPI.
In multiple recently published articles and a broad systematic review including a meta-analysis, the preoperative membranous urethra length (MUL) was estimated of highest relevance and clinical importance among multiple factors [26] . Compared to other independent parameters, the isolated measurement of the MUL rendered the most reliable results in accurately predicting PPI. Coakley et al. were the first to investigate the important relation of preoperative MUL in MRI and consecutive PPI [27] . Later publications compared the MUL in pre-and postoperative MRI investigations, which was related to the recovery time and level of PPI [24, 28] . In line with the international data on MUL measurement [28, 29] , we confirmed that patients in our cohort regarded as "continent" (ICIQ-Score 0-5 points) had a significantly longer preoperative MUL compared to the "incontinent" (ICIQ-Score > 6 points) group. Interestingly, we found a positive correlation between the perfusion ratio and the MUL: Males with a better perfusion tended also to have a longer MUL and vice versa. Furthermore, in the univariable regression analysis, a longer MUL significantly reduced the odds of becoming incontinent 1 year postoperative. This goes along with the international data: With an extra centimeter of MUL, patients are around 200% more likely to return to continence [26] . Should we use MUL measurements or contrast media kinetics of the pelvic floor to estimate the chances of PPI in our patients? The truth lies somewhere in between, since both techniques contribute to increase the evidence and ameliorate the prediction of PPI. Hence, there is little doubt about the importance of the surgical technique for not only nerve sparing but also maximal MUL sparing to achieve the longest functional urethra length to improve the postoperative continence situation [12, 30, 31] . The anatomical predisposition, regarding the MUL in the individual patient, cannot be altered, though. The controversy regarding the difficulty of preoperative MUL measurements is evident due to high intra-and interreader variability [26] . Even in radiological experts no exact consensus exists on which technique should ideally and standardly be used for MUL measurements. Therefore, measuring by an unexperienced urologist would yield ambiguous results. Nevertheless, further parameters from dynamic contrastenhanced MRI are readily and easily available as part of every preoperative mp MRI investigation. These parameters provide additional information on the physiological condition of the pelvic muscle structures, which are, with no doubt, important predicting factors that should be used to estimate the chances PPI. With the use of already available and easy accessible post-processing software tools to measure the relative enhancement of contrast agent over time, contrast media kinetics serves as convincing approach that tends to be more objective than isolated preoperative MUL measurements alone. All in all, we recommend linking these two techniques and using them alongside each other to establish a reliable calculator for PPI in the future.
The limitations of our study were the rather low sample size, and therefore the limited statistical power. Consequently, adjusting for covariables was not feasible for all possible confounding factors in the multivariable regression analysis. Further, it is a retrospective study design and the cohort consisted of patients recruited by convenience sampling.
Conclusion
We observed that the assessment of the perfusion quality of relevant pelvic muscle structures in standard mp MRI before RP led to a reliable prediction of the postoperative continence situation. This technique is valuable and shows comparable results to the measurement of the MUL and may serve as additional predictor for the chances of PPI. Bigger sample sizes and future trials investigating this relation are needed to confirm our findings and to design an accessible and easy-to-use risk score for clinical practice.
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